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Abstract 
An absorption heat transformer is a type of heat pump which recovers waste heat from an industrial source or a solar 
collector and increases its thermal level to be used in a specific application. In recent years, these transformers have 
been used as an alternative to conventional desalination processes. In the Applied Thermal Laboratory of UAEM, an 
absorption heat transformer for water purification (AHTWP) with compact components was designed and coupled. 
The purpose of this design is to reduce heat losses in the system and the final dimensions of the experimental device 
as well. The equipment has duplex components: Generator-Condenser (GECO) and Absorber-Evaporator (ABEV), 
these components are helicoidal heat exchangers with a drop distributor to produce a falling film. The AHTWP is 
instrumented with sensors, flowmeters and pumps that regulate the process variables. Equipment pre-startup proofs 
were carried out: sealing, hydraulic and insulation; and operational tests, the fluid used was water.   
With these tests an overall assessment of the components of AHTWP was obtained, and the uncertainty of the 
operating ranges was reduced. The results were satisfactory, so that the equipment is in optimal condition to start 
experimental test.  The first experimental phase will be a proofs of an aqueous solution of lithium bromide in 
concentrations between 51 and 56% by weight. 
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Nomenclature 
T Temperature (°C)    D Diameter (m) 
P Pressure (kPa)     Heat Flowrate (kW) 
H Entalphy (kJ/kg°C)    Re Reynolds Number (dimensionless) 
M Mass Flow Rate (kg/s)   Pr Prandtl Number (dimensionless) 
Cp Heat Capacity (kJ/kg°C)   Nu Nusselt Number (dimensionless) 
h Heat Transfer Coefficient (W/m2°C)
U Overall Heat Transfer Coefficient (W/m2°C) 
Subscripts 
GE Generator     EXT External 
CO Condensator    i Internal 
INT Inside the tubes    sat Saturation 
OUT Outside the tubes    s Surface 
MIN Minimum     l Liquid 
MAX Maximum     v Steam 
HEL Helicoidal     o External 
Greek symbols 
Ɋ ሺሻ    ߝ ሺΨሻ 
݇ Conductivity (W/m°C)  
1. Introduction 
Absorption heat transformers (AHT) are an alternative for energy saving because its configuration 
allows getting the supply heat from industrial sources or solar collectors. An absorption heat transformer 
is a device that has the ability to use the waste heat coming from an industrial process or a source of low 
quality, and raises it to a higher temperature to achieve a specific purpose [1]. 
The main components of an AHT are basically heat exchangers. Therefore it is important to choose 
properly the geometry, to obtain high efficiencies in the performance, and therefore high COP 
(Coefficient of Performance) values. Several geometries have been reported for these systems, such as 
vertical plates [14], spiral pipes [15], falling film [16], shell and tube [17], and graphite discs [18]. 
In the laboratory of Applied Thermodynamics at CIICAp-UAEM was constructed an absorption heat 
transformer for water purification (AHTWP) with two duplex components: Generator-Condenser 
(GECO) and Absorber-Evaporator (ABEV). The objective of this design is to reduce the final dimensions 
of the experimental equipment and to decrease the heat losses. The units are dual heat exchangers falling 
film with a drop distributor. Pre-startup proofs were performed: insulation, hydraulic and operating range. 
Water was used as the fluid to evaluate the efficiency of the equipment and the interaction of GECO with 
ABEV. Thermal loads are calculated, the local coefficients of heat transfer as well as the overall 
coefficient of heat transfer, for 10 water-water pre-startup proofs. 
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2. AHTWP basics concepts 
The two duplex components are coupled to work as a single stage AHT. These operating units 
contained are absorption, desorption, evaporation and condensation, necessary for AHT cycle. Absorption 
systems use working pairs, which are composed by a working fluid and an absorbent. Figure 1 shows a 
schematic diagram of an AHT. A heat quantity QGE is supplied to the generator in order to partially 
evaporate the working solution. The steam released in the generator is sent to the condenser where it 
receives an amount of heat for phase change QCO. The condensate is pumped into the evaporator at a 
pressure PEV greater than PCO where it is evaporated by the heat supplied QEV. To then be sent to the 
absorber. Working concentrated solution from the generator goes through solutions exchanger where its 
temperature increases before entering the absorber. The vapor is absorbed into the concentrated solution 
available QAB releasing heat, which can be used in a specific process. 
 
EVAPORATOR ABSORBER
CONDENSER GENERATOR
ECONOMIZER
QEV
QCO QGE
QAB
PCO
PEV
TCO TEV, TGE TAB T
P
 
Fig 1. Schematic diagram of absorption heat transformer. 
 
3. Experimental equipment description and measuring instruments 
3.1. Main Equipment 
The experimental equipments consists of two duplex units ABEV and GECO, which work by falling 
film contact. Internally consists of concentric helical coils which are fed by a drop distributor. The coils 
of the two dual components have a rough finish to increase the heat transfer area. The GECO, consists of 
two chambers that are joined by a cap which allows the passage of steam to the condenser but prevents 
return of condensate into the generator. Instead, a single camera is ABEV which comprises two 
concentric coils and the respective distributor. In the shell side of both units was installed joining that will 
allow the connection of temperature sensors to obtain the temperature profile of the film in the different 
turns of the coil. Each unit has an eyehole that allows monitoring the internal levels of solution at the time 
of the operation. The construction material is stainless steel 316 L [19]. The equipment was designed for a 
heat load of 2 kW. Figure 2 shows the experimental equipment AHTWP with both duplex components. 
Its main components are upright to reduce the surface area. The approximate measurements of all 
experimental equipment are 2.3 m x 2 m x 2 m. The unit is insulated with ‘Armaflex’. 
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Fig 2. Experimental System AHTWP with duplex components. 
3.2. Auxiliary Services 
To feed heat and cold water to the AHTWP there are some auxiliary services. To simulate the heat 
source are two separate tanks which supply hot water by electric heaters.  Heat is supplied to the 
generator and the evaporator. Source 1 has 3 electric heaters with a total capacity of 9 kW, while source 2 
has a total capacity of 5 kW. Each reservoir has a resistor connected to a voltage inverter to control the 
heat level. 
The system has equipment that pumps fluid to the main equipment, and a vacuum pump and a cooler 
trademark. The process pump are magnetic type with stainless steel body and head  of pump 0.07 hp. The 
vacuum pump has a capacity of 0.1 Pa with an air volumetric flow displacement of 5.3 m3/h. Heating 
pumps are centrifuge type, with flow range from 5 to  40  L/min and head pump of 0.5 hp. For pumping 
impure water to the system a magnetic pump with thermal protection is use, with pump head of 1/10 hp 
and TMAX=70°C. The cooling system is a industrial chiller with pump integrated with capacity of 45.42 
L/min at 344.44 kPa and compressor of 3 hp. 
3.3. Valves, Pipes and Fittings 
For the AHTWP main circuit, where the solution mixture flows,  stainless steel tubing ½" diameter  
schedule 18 were used, connected by Swagelok fittings.  These have the advantage of reducing leakage in 
process lines. Were used carbon steel pipe ½ " diameter schedule 40 and threaded connections, installed 
in the secondary circuit, where only water flows. 
The main circuit needle valves are Swagelok brand, with connections ½ "OD, the material is stainless 
steel 316. In the secondary circuit, were installed threaded ball valves ½ " carbon steel body.  
3.4. Instrumentation 
To control process variables such as temperature, pressure and flow rate, 28 temperature sensors type 
PT-100 were installed, 9 flowmeters, 2 pressure transducers and 2 manovacuometers, all were calibrated.  
ABEV 
GECO 
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Rotameters with capacities 27 L/min, 8 L/min, 1300 mL/min, iron steel body, borosilcate glass, 
stainless steel indicator, were installed. Pressure transducer were installed one in ABEV and the other one 
in GECO, with pressure range of -101 a 103 kPa, and work temperature range 328 to 400°C, with an 
output of 0.5 a 5.5 V and an accuracy of ±0.25% of full scale and an electric power from 9 to 30 VDC. 
The manovacuometers are built in stainles steel with glycerin. 
4. System calculations 
Figure 3 shows an schematic diagram of the experimental equipment.  The mass and energy balances 
associated to this process are. 
 
Generator 
 
 
(1) 
 
 
(2) 
 
 
(3) 
 
 
Condensator 
 
(4) 
 
 
(5) 
 
 
(6) 
 
 
The efficiency of the units were calculated by the following equation: 
 
 
 
(7) 
 
To evaluate the heat transfer coefficient, the following dimensionless quantities were evaluated [20] 
 
Reynolds Number 
 
 
(8) 
Prandtl Number 
 
 
(9) 
Jacob Number 
 
 
(10) 
Nusselt Number 
 
 
 
 
(11) 
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Nusselt numbers were corrected for helicoidal pipes according with [21] 
 
 
(12) 
 
Thus, the tube-side local heat transfer of generator was calculated from: 
 
 
(13) 
 
Fort he condenser the following equation for condensation of horizontal pipes in shell-side was used 
[20]: 
 
 
(14) 
 
Then the global heat transfer was obtained from equation (15).  There for stainless steel k=15 W/m°C was 
used. 
 
 
 
(15) 
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Fig 3. Schematic diagram of the experimental equipment. 
5. Description of pre-startup proofs. 
The objective of the preliminary tests was to obtain an overall assessment of the team: the interaction 
between GECO and ABEV; addition to evaluate the performance of auxiliary equipment and measuring 
instruments. 
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5.1. Hydraulic testing and thermal insulation 
Tests were conducted to evaluate the hermeticity of the equipment. Pressurizing consisted AHT circuit 
until an absolute pressure of 185 kPa.   Pressure was monitored each hour to measure the pressure drop as 
a function of time. In the first trial there was a lost of 24 kPa/h so leaks were detected with soapy water. 
Once pressurized leaks were eliminated, the process was pressurized again to 185 kPa and the pressure 
loss monitoring for 24 hrs. The result was satisfactory. Subsequently vacuum was applied to the device 
reaching until an absolute pressure of 7 kPa and monitoring during 24 hrs. The result was satisfactory. In 
the case of the circuit external service water was used to identify leaks. Leaks were sealed with Teflon 
and commercial high-temperature sealant. Finally water was circulated to locate leaks in the external 
circuit. The results were satisfactory. 
To isolate AHTWP components insulation foam ‘Armaflex’ was used. To avoid heat losses to 
environment was used neoprene, and placed between the metal parts of equipment and the metal 
structure. 
5.2. Experimental proofs 
Ten experimental proofs were performed at AHTWP using water as the working fluid in the shell side 
and heating water inside the tubes. The objective of the tests was to analyze the generation of steam in the 
generator and its condensation, also its interaction with the ABEV. The tests were performed on absolute 
pressure between 24 kPa and 510 kPa. To analyze the dynamics of the process were evaluated the time to 
reach a steady state. It was possible to calculate the coefficients of efficiency of the GECO unit. The 
results are presented below. 
As water was used instead of the solution mixture, there was not absorption heat, as a result the 
absorber did not reach the required the evaporation temperature at the absorption pressure. Therefore only 
the results of the GECO unit are presented. 
6. Experimental results 
In Table 1 shows the operating conditions for GECO in experimental proofs. 
Table 1. Range of operating conditions for the AHTWP. 
6.1. Generator 
Figure 4 shows the shell-side flow against overall heat transfer coefficient.  As this operational 
conditions, the coefficient U increases with the increment of mass flow rate in the generator. 
 
DEVICE 
Mass Flow Rate 
(kg/s) 
 Temperature (°C)  Supplied Heat 
Load  
(W) 
 Acepted Heat 
Load 
 
(W) 
Hot Water Cold Water  Hot Water Cold Water   
 Max Min Max Min  Max Min Max Min  Max Min  Max Min 
Generator 0.093 0.059 0.0139 0.0058  85 73 73 63  2160 820  1750 440 
Condensator 0.210 0.090 0.0007 0.0001  81 64 23 20  2300 500  1760 250 
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Fig 4. Overall heat coefficient U as a function of mass flow rate WGE. 
 
Figure 5 shows the shell-side mass flow against thermal efficiency.  As the flow increases thermal 
efficiency increases until 98% with a mass flow of 0.011 kg/s, if mass flow increase further than this 
value produces a decrease in the thermal efficiency, because the distributer splashes the fluid and the 
distribution above the heat interchange surface is not homogeneous. 
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Fig 5. Thermal efficiency as a function of mass flow rate WGE. 
6.2. CONDENSER 
Figure 6 shows overall heat transfer coefficient as a function of the shell-side mass flow.  As this flow 
increases, overall heat transfer coefficient increases with some oscillations, possible caused by 
measurements accuracy. 
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Fig 6. Overall heat transformer coefficient as a function of mass flow rate WCO. 
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Figure 7 shows condensed flow rate against thermal efficiency.  At small flows there is no formation of 
a liquid film along the inner walls of the condenser, thus the thermal efficiency is small. Due to the 
helicoidal shape this unit achieves a high performance (around 85%).  At flows greater than 0.00045 kg/s 
the efficiency decreases. 
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Fig 7. Thermal Efficiency as a function of mass flow rate WCO. 
 
6.3. GENERATOR-CONDENSER 
Figure 8 shows generator heat load against condenser heat load. There is a good agreement between 
both. Is clear the relationship between the two devices, are well coupled. 
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Fig 8. Heat Load QCO as a function of heat load QGE. 
 
7. Conclusions 
Pre-startup proofs were useful to detect hydraulic or heating leaks.  Also they were useful to detect the 
adequate operating range of the operating variables, and the suitability of instruments for these ranges.  
Also showed the operating conditions where the generator or the condenser has better performance. The 
dynamic of this process (2-3hrs) was faster than the observed in standard AHT. 
These pre-startup proofs show the correlation of stream flow of the generator and the condenser. The 
interaction GECO with ABEV was no possible to evaluate, because in these operation conditions only 
have latent heat in ABEV. 
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